Abstract. The effects of coffee cherry (CC), the residue left after the removal of coffee beans from the fruit, on the lactation of SHN mice were examined. Free access to drinking water with 0.01 % and 0.025 % solutions of the water extract of CC between days 1 and 12 of lactation improved the pup growth rate used as an index of lactational performance. The treatments affected little any of mother weight, mammary gland contents of DNA, RNA and lactose, serum levels of prolactin, growth hormone and non-esterified free fatty acid and major endocrine organ weights. The period of time spent by the mother mice in the nest was significantly elongated in the experimental mice given CC compared to the control. The results strongly suggest that CC can stimulate the growth of pups through its improvement of the nesting behavior of mother mice. 
glands at lower doses [6] . This phenomenon prompted us to examine the effects of different doses of CC on lactation in mice.
Materials and Methods

Sample
Each 500 g of dry matter of CC donated by PT TOARCO JAYA, Jakarta, Indonesia was soaked in 5 liter of distilled water and left at room temperature for 7 days shaking sometimes everyday. This was repeated 5 times and the supernatants were dried in vacuo at 45 C.
Experiment I
Animals and treatments
A high mammary tumor strain of SHN/Mei mice offee is one of the most popular beverages in many countries and its waste called coffee cherry (CC), the residue left after the removal of coffee beans from the fruit, is also produced in the similar amount, which is now utilized little. We previously found that the chronic ingestion of an extract of CC induced a marked suppression of the development [1] and the growth [2] of spontaneous mammary tumors in mice.
Herbal medicines or natural products sometimes show different effects on their targets depending on the dose used; for instance, guan-mu-tong (Caulis aristolochiae manshuriensis) markedly inhibited the normal, preneoplastic and neoplastic growth of mammary glands of mice at higher doses [3] [4] [5] , but it stimulated the growth and function of the C [7, 8] maintained in our laboratory were used. At 2 months of age, female mice were placed with males and pregnant mice were housed individually. On the day of parturition (day 0 of lactation), the number of pups was adjusted to 7 or 8 and lactating mice were divided into 4 groups; The 1st group received tap water and served as the control and the remaining 3 groups were given the CC sample solutions at the concentrations of 0.01 %, 0.025% and 0.05%, respectively, between days 1 and 12 of lactation. In all groups, only the data of mice showing a 100 % rearing rate, i.e., no loss of pups, to day 12 of lactation were used. Mice were killed on the morning (0900-1000 h) of day 12 of lactation under light ether anesthesia and blood was collected from the trunk.
Throughout the experiments, mice were kept in teflon cages (18 × 35 × 12 cm) with wood shavings and maintained in a windowless animal room, which was air-conditioned (21-22 C and 55-75 % relative humidity) and artificially illuminated (14 h of light from 0500 h to 1900 h). Commercial chow (Lab MR-Breeder; Nihon Nosan Kogyo KK, Yokohama, Japan) and water were provided ad libitum.
All procedures were carried out according to the NIH Guide for the Care and Use of Laboratory Animals, USA.
Lactational performance
Litter weight was measured on days 1 and 12 of lactation, and the percent change in the mean pup weight (pup growth rate) between days 1 and 12 was calculated according to the following formula [9] as an index of the lactational performance of the mother mouse.
Pup growth rate (%) = {( Average pup weight on day 12 Average pup weight on day 1 ) Average pup weight on day 1} × 100
Mammary gland contents of nucleic acids
At autopsy, the whole right inguinal mammary fat pad was removed, stored in acetone, and defatted and dried with hot alcohol-ether. Nucleic acids were extracted by the method of Schneider [10] , and DNA and RNA were determined by the diphenylamine [11] and the orcinol [12] reactions, respectively.
Mammary gland contents of lactose
The whole left inguinal mammary fat pad removed at autopsy and stored at 80 C were thawed and homogenized in 1.5 ml of distilled water. Lactose was extracted with trichloroacetic acid by the method of Schneider [10] . The extract was lyophilized and dissolved in 2.0 ml of distilled water. Lactose was estimated by the measurement of D-glucose released from lactose [13] .
Endocrine organ weights
At autopsy, anterior pituitary, adrenals and ovaries were immediately removed and weighed.
Serum levels of prolactin and growth hormone
The blood was left at room temperature for 6 h, stored in the refrigerator overnight and centrifuged at 1,000 × g for 20 min at 4 C, and the serum was stored at 20 C. The levels of prolactin and growth hormone were determined by radioimmunoassay using the kits donated by Prof. A.F. Parlow.
Serum level of non-esterified free fatty acid
The level was measured by the acyl CoA oxidase method (NEFA C-test; Wako Pure Chem Industries, Osaka, Japan).
Experiment II
Animals and treatment
The number of pups was adjusted to 7 or 8 on the day of parturition (day 0 of lactation). Lactating mice were divided into 2 groups: the 1st group was given tap water between days 1 and 10 of lactation and served as the control, and the 2nd group received the sample solution at the concentration of 0.025 %, since only this concentration markedly increased the pup growth in Experiment I. All other conditions were the same as in Experiment I.
Period in or out of the nest
On days 3 and 10 of lactation, the behavior of the mother mice in the cage was filmed with a monitoring video camera system (Video monitor; WV-BM1400, Time Lapse Video Cassette Recorder; AG 6700, and Quad System; WJ 400, Matsushita Electric Industrial Co., Osaka, Japan) for 8 h between 1100 h and 1900 h, and the frequency and the mean periods of time they spent in and out of the nest were calculated.
Statistical analysis
In both Experiments I and II, all values were expressed in terms of mean ± SEM. The significance of differences between the control and the respective experimental groups and that among groups were evaluated by Student's t-test and Duncan's Multiple rangs test, respectively. Probability values less than 5 % were considered significant.
Results
Experiment I
Lactational performance
The average pup weight on day 1 was significantly lower in the 0.05 % group (1.41 ± 0.03 g ; n=10) than in the control (1.62 ± 0.05 g ; n=13), which differed little from the 0.01 % (1.64 ± 0.04 g ; n=7) and 0.025 % (1.51 ± 0.05 g ; n=7) groups in weight. The differences in the weight on day 12 were not significant between the control (6.78 ± 0.24 g ; n=13) and any experimental (CC) group (7.45 ± 0.21 g ; n=7, 7.51 ± 0.19 g ; n=7 and 6.27 ± 0.22 g ; n=10 in 0.01 %, 0.025 % and 0.05 % groups, respectively).
As shown in Fig. 1 , the pup growth rate between days 1 and 12 of lactation was significantly higher in the 0.01 % and 0.025 % groups than in the control. No significant difference was observed in this rate between the control and the 0.05 % group.
Mother weight and endocrine organ weights (Table 1)
There was no difference in either the initial or the final body weight of the mother mice between the control and any experimental group.
There was no difference in the endocrine organ weights measured between the control and any experimental group except for ovarian weight of the 0.01 % group, which was significantly higher than that of the control.
Mammary gland contents of nucleic acids and lactose (Table 2)
Little difference was observed between the control and the experimental groups in DNA, RNA, RNA/DNA and lactose in the mammary glands except for DNA in the 0.05 % group, which was significantly lower than that in the control.
Serum levels of prolactin, growth hormone and non-esterified free fatty acid (Table 2)
The serum growth hormone level tended to be lower in the 0.01 % and 0.025 % groups than in the control; however, the difference was not significant. There was little difference between the control and experimental groups in the serum level of either prolactin or non-esterified free fatty acid.
Experiment II
Period in or out of the nest
As shown in Fig. 2 , the total period in the nest on day 3 of lactation was significantly longer in the experimental group than in the control.
The frequencies and the mean periods in and out of the nest are shown in Table 3 . Regardless of the rather large variation in the period in or out of the nest (Fig. 3) , the frequencies of being in or out of the nest differed little between groups on either day. On the other hand, the mean period in the nest was apparently longer in the experimental group than in the control on both days 3 and 10.
While in both the control and the experimental groups, the frequencies in and out of the nest increased on day 10 compared to day 3, the difference was statistically significant only in the control, but not in the experimental group. Associated with these changes of the frequencies, the periods in and out of the nest of the control decreased signif- Mean ± SEM. Number of mother mice examined is in the parentheses. *Significantly higher than the control at P<0.05. icantly on day 10 compared to day 3. Meanwhile, in the experimental group, the difference in the period in the nest between days 3 and 10 was not significant and the period out of the nest differed little between days.
Discussion
The present study revealed that free access to CC (0.01% and 0.025%) in the drinking water of mother mice stimulated the pup growth rate as an index of lactational performance. Yet the mammary gland contents of nucleic acids and lactose and the serum level of non-esterified free fatty acid differed little between the experimental and control groups. The treatment also had little affect on the circulating levels of prolactin and growth hormone. These results indicate that the growth and function of the mammary glands were not improved and the endocrine system was also not modulated favorably by CC. The CC treatment elongated the time spent in the nest and stabilized the frequencies in and out of the nest by the mother. The importance of the mother's nesting behavior for pup growth is well established. While the detail of the behavior of mother mice in the nest is not clear, the present findings strongly suggest that the nesting behavior was improved by CC, which resulted in a stimulation of pup growth. Center, Harbor-UCLA Medical Center, Torrance, CA, USA, for the radioimmunoassay kits for mouse growth hormone and prolactin, and Prof. K. Wakabayashi, Institute for Molecular and Cellular Regulation, Gunma University, for the goat antirabbit IgG serum (HAC-RBA2-O5GTP91) and the goat anti-monkey IgG serum (HAC-MKA2-O2GTP88).
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